To investigate the value of the aspartate aminotransferase-to-platelet ratio index (APRI) and build a new nomogram for hepatocellular carcinoma (HCC) patients undergoing postoperative adjuvant transarterial chemoembolization (PATACE). Methods: We retrospectively reviewed 351 patients with HCC undergoing PATACE. We collected baseline HCC patient characteristics to obtain the risk factors for determining poor disease-free survival (DFS) and early time to recurrence (TTR) after PATACE. The multivariate Cox proportional hazards model was used to build new nomogram based on significant prognostic factors of outcomes. Results: We generated the cutoff value of the APRI as 0.50 using the X-tile to distinguish patients with different outcomes in the whole cohort. Two hundred seventeen patients with high APRI had poorer survival (P<0.001) than did 134 patients with low APRI. Furthermore, a nomogram, including tumor size, alanine aminotransferase (ALT) level, white blood cell counts, Barcelona Clinic Liver Cancer grade, and APRI was built for DFS, while factors including hepatitis B surface antigen, tumor size, ALT, microvascular invasion, and APRI was built for TTR. Internal validation with 500 bootstrapped sample sets had a good concordance index of 0.729 for DFS and 0.730 for TTR. Additionally, nomogram based on APRI conferred more prognostic value than previous biomarkers. Conclusion: High APRI was associated with worse survival and shorter TTR for HCC patients undergoing PATACE. This simple nomogram based on APRI conferred personalized survival and recurrence data for HCC patients undergoing PATACE. Keywords: hepatocellular carcinoma, aspartate aminotransferase-to-platelet ratio index, nomogram, prognosis, adjuvant transarterial chemoembolization
Introduction
Hepatocellular carcinoma (HCC) is one of the most prevalent cancers with a growing number of incidence and cancer-related mortality worldwide. 1, 2 Curative surgery is recommended for early-stage HCC (including a single nodule and normal liver function but without any clinically significant portal hypertension). 3 The most commonly used treatment for unresectable HCC is transarterial chemoembolization (TACE). The usefulness of TACE has been evaluated in some clinical studies as an adjuvant remedy for HCC. [3] [4] [5] A randomized controlled trial (RCT) has showed that postoperative adjuvant TACE (PATACE) conferred more benefits for HCC patients with high risk of recurrence, such as large tumor diameter (>5 cm), macroscopic vascular invasion, and some studies based on HCC patients with more tumor numbers, larger tumor size, and vascular invasion were in favor of adjuvant TACE. 7, 8 One reason is that PATACE may improve the HCC patients' prognosis who retain high risk of recurrence by receiving pre-existing microscopic tumor foci and occult intrahepatic multifocality which cannot be detected by traditional imaging methods before the surgery. 6 Therefore, adjuvant TACE is widely used in postoperative HCC patients with a range of recurrence risk factors such as large tumor size, microvascular invasion (MVI), multiple tumor nodules, and satellite lesions. 5, 7 Nevertheless, the long-term survival of PATACE still remains unclear. 9, 10 Even the HCC patients suffering from adjuvant TACE and curative liver resection (LR), which has been considered as the most effective therapy, also showed poor prognosis and may not benefit from the surgery. 11 Furthermore, even though TNM staging is a reliable and effective prognostic factor for HCC patients, the prognostic value of TNM is still definite. Therefore, a reliable and stable prognostic parameter is necessary in our clinical practice. 12, 13 Assessment of liver functional reserve is vital when treating HCC, because liver cirrhosis may be a competing cause of patient death.
14 Compared with advanced tumor stages, liver functional reserve is more important in early stage HCC. 15, 16 The pathogenesis of HCC is mainly based on inflammation derived from hepatitis B/C virus (HBV/HCV) infection and ethanol consumption. Additionally, cirrhosis result in 70%-90% of HCCs. [17] [18] [19] Among recent studies, inflammation-based prognostic factors, including platelet (PLT) to lymphocyte ratio, Glasgow prognostic score, 20 neutrophil-to-lymphocyte ratio, 21 and aspartate aminotransferase-to-alanine aminotransferase (AST/ALT) ratio 15 have proved to have prognostic value in HCC prediction performance. Furthermore, recent studies 15, 22, 23 showed that an easy-to use and accurate biomarker for liver cirrhosis, for example, the AST-to-PLT ratio index (APRI), an index of HBV related HCC patients prognosis after surgery. However, it still remains unclear whether APRI score could extend to determine the HCC patient subgroups who underwent curative surgery and adjuvant TACE.
Hence, we hypothesized that liver functional reserve and APRI could determine the HCC patient outcomes who received LR and adjuvant TACE. To validate this hypothesis, we intent to build a simple and clinically applicable nomogram with APRI score to assess the HCC prognosis undergoing PATACE.
Methods study population
A cohort of 351 patients was included with HCC presented to Zhongshan Hospital, Fudan University between 2006 and 2016 in this retrospective study ( Figure S1 ). We obtained patient follow-up information from medical records or telephone interviews. The inclusion criteria included was as follows: HCC patients with any of the risk factors such as MVI, tumor size >5 cm, multiple tumors, and microsatellite lesions; no preoperative anticancer therapies; no history or concurrence of other malignant tumors; complete removal of macroscopic tumors; and received the first adjuvant TACE (1-3 courses; anthracycline, fluorouracil, platinum, and lipiodol) within 6-8 weeks after LR. Once patients existed active viral replication, they were administered oral antiviral drugs immediately.
We rechecked all the patients in our center about 4 weeks after LR. The PATACE was recommended once no liver recurrence was found. Once the patients have recurrent tumors when the first 4 weeks after curative resection, they were considered to experience tumor recurrence and then excluded from this study. The following items were excluded: received preoperative anticancer therapies; received PLT transfusion before surgery; no received PATACE, has history and concurrence of other malignant tumors; and incomplete follow-up data. Our study was approved by the ethical committee of Zhongshan Hospital, Fudan University, in accordance with the Declaration of Helsinki. Written informed patient consent was also obtained.
Data collection
We collected clinicopathological variables, including age, sex, total bilirubin, prothrombin time, blood picture, hepatitis B, hepatitis C, serum albumin, globulin, ALT level, AST level, alpha-fetoprotein (AFP), PLT counts, tumor parameters, Child Turcotte Pugh (CTP) grade, Barcelona Clinic Liver Cancer (BCLC) grade, and pathological reports. We used clinical, radiological (computed tomography [CT] scan), and histological criteria to diagnose liver cirrhosis in all HCC patient cohort. We obtained patient baseline information before LR, and also collected the blood samples when patients first presented to the hospital.
All HCC patients were under regular medical examinations, including serum biochemistry, the level of AFP, liver function test, and contrast-enhanced dynamic CT/ magnetic resonance imaging (MRI), every 3-4 months after PATACE until tumor recurrence or dropout during the follow-up period. If m >1 set for the same HCC patient when we 
Follow-up
We obtained all the HCC patients follow-up until June 2016. Overall survival (OS) was determined from the day of adjuvant TACE to the date of death. Disease-free survival (DFS) was analyzed from the date of adjuvant TACE to time of death, tumor recurrence or the last time of follow up. We defined the time to recurrence (TTR) as the interval between the time of adjuvant TACE and first tumor recurrence or the last observation without recurrence. AFP, ultrasound, and abdominal computed tomography were included in the follow-up items. All the HCC patients were followed up every 4 months routinely. When the level of postoperative serum AFP was >20 ng/mL or new focus appeared in the ultrasonic/abdominal computed tomography, we considered that they had tumor recurrence. We recorded the patient death and recurrence time, AFP, and imaging results in detail during the follow-up period. In order to reduce the bias to a maximum degree, two reviewers completed the follow-up and reviewed.
Treatment procedures

Surgical procedure
We performed LR for HCC patients by a right bilateral subcostal incision. If necessary, the right incision was extended to the left subcostal region. The abdominal cavity was searched carefully by surgeons for the extent of local tumors, extrahepatic metastases, or the possibly peritoneal seeding. Surgeons ligated and divided the corresponding hepatic pedicle and hepatic vein. We occluded the blood inflow of liver by using Pringle's maneuver under the cycles of 15 minutes clamp time or 5 minutes unclamped time. We carried the liver curative resection by using a clamp-crushing way. Major or minor liver surgery has been used throughout all operation.
PaTaCe
When patients' liver function has recovered at 4 weeks after liver surgery, we performed TACE treatment for the remaining portion of the liver. We inserted a vascular catheter through the femoral artery by using the Seldinger technique and also performed hepatic angiography. In addition, we inserted the catheter's tip into the relevant hepatic artery selectively. We then infused an emulsion of 2-10 mL of Lipiodol Ultra-Fluide (Guerbet, France) mixed with 30-50 mg of EADM (Pfizer) through a microcatheter (Progreat, TERUMO, Japan). In addition, the dosages of the chemotherapy drugs and lipiodol were based on the liver function and body surface area.
statistical analyses
Data are presented as the median and interquartile range. Intergroup differences were calculated using the chisquared test or the Mann-Whitney U-test appropriately. As for the cutoff values, we used X-tile software version 3.6.1 to identify the optimal cutoff value (Yale University School of Medicine, New Haven, CT, USA). 24 HRs with 95% CIs were also obtained by univariate or multivariate analysis using the Cox proportional hazard model. In order to identify characteristics closely related to OS and TTR, multivariate analysis was performed using characteristics with a P-value of <0.1 in the univariate analysis. Because APRI is calculated with AST and PLT counts, APRI was selected but not AST and PLT counts separately for the multivariate analysis to minimize the confounding effects of these parameters. In addition, subgroup analyses to compare the DFS between patients with APRI stratified according to important prognostic factors were performed with the Cox proportional hazards model. We also applied Kaplan-Meier analysis and log-rank test to compare the OS and DFS for the two groups.
We used the β coefficients obtained from the Cox regression model to build a new nomogram to assess the relationship of variables with DFS and TTR after surgery combined with adjuvant TACE. Hence, a two-step validation for our new nomogram was applied. First, prognostic performance for our new nomogram was examined by using the concordance indexes. We performed internal validation with 500 sets of bootstrap samples to test the usefulness of the nomogram for the evaluation of DFS and TTR for HCC patients. Second, we draw a calibration plot to compare assessed observed survival and predicted survival at 3-and 5-year patients survival and 3-year tumor recurrence after LR combined with TACE. 25 The Akaike information criterion (AIC), which disclosed an overall assessment of different statistical models for stages of HCC, was performed with the Cox proportional hazards regression model. A lower AIC is more representative of the model and gives more information about it. Homogeneity was measured with the likelihood ratio times 2, generated by means of parametric survival analysis. 25 We performed all statistical analyses by using SPSS software (SPSS version 22.0; IBM Co., New 
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Zhu et al York, NY, USA) and SAS (SAS Institute Inc., Cary, NC, USA), and differences with a P<0.05 were considered to be statistically significant.
Results
Patient characteristics
We summarized the patient characteristics in Table 1 . We enrolled 351 HCC patients (299 males, 52 females). In this study, high APRI had a higher proportion of chronic HBV infections than Low APRI. Two hundred twelve (98.1%) in high APRI and 133 (99.3%) in low APRI patients did not receive anti-chronic HCV therapy. One hundred eightyseven (53.3%) patients had <5 cm of tumor size and 303 (86.3%) patients had single tumors. The mean score for cirrhosis (according to Ishak score) was 0.7 (interquartile range, 0.3-1.1). The chi-squared test revealed significant intergroup differences in prothrombin time, AST level, ALT level, albumin, globulin, PLT count, tumor number (single/ multiple), tumor differentiation (well/poor), Barcelona Clinic Liver Cancer grade (0/A/B), and CTP grade (B/A). The median APRI was 0.20, with a range of 0.02-1.46. The cutoff of 0.50 enabled to distinguish clearly the poor outcome and favorable outcome of patients when using the X-tile software ( Figure S2 ).
Factors associated with Os, DFs, and TTR
The median and maximum follow-up periods for the survivors were 40.5 and 76.5 months, respectively. During the observation period, 158 patients died, including 143 because of cancer and 293 patients still alive. The cumulative OS at 3 years and 5 years were 58.4% and 30%, respectively. The cumulative DFS rates at 3 years and 5 years were 54.7% and 23%, respectively. Patients with APRI <0.50/≥0.50 had 3-and 5-year DFS rates of 57.7%/51.9% (chi-squared, P<0.001) and 26.2%/19.8% (chi-squared, P=0.004), respectively. In terms of OS, patients with APRI <0.50 or ≥0.50 had OS of 26.3% and 18.6% (P<0.01, Figure 1 ). Median TTR in high APRI group (≥0.50) was 12.8 months, compared with 19.8 months in low APRI group. Multivariate analysis showed that tumor size >5 cm, ALT >26 U/L, white blood cell (WBC) count >5 (×10 9 /L), higher BCLC grade and APRI >0.50 were the independent risk factors associated with poor DFS (Table 2) .
Likewise, in terms of overall recurrence, multivariate analysis showed that the positive status of hepatitis B surface antigen (HBsAg), tumor size >5 cm, ALT >26 U/L, the presence of MVI, and APRI >0.50 were the independent risk factors associated with earlier recurrence (Table 3) . 
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aPRi to predict hCC prognosis with 3-, 5-year DFS and TTR were well-matched with the idealized 45° line ( Figure 3 and Figure S4 ).
Prognostic performance of serum marker associations with prognosis
The prognostic performance of APRI-based nomogram, CTP grade, albumin, PLT counts, prothrombin time, international normalized ratio, AFP, bilirubin, BCLC grades were evaluated with homogeneity and AIC methods. Table S1 showed that APRI-based nomogram in terms of DFS and TTR all had the highest homogeneity (likelihood ratio χ 2 ) and lowest AIC value compared with the others biomarkers.
Discussion
Surgical LR and adjuvant TACE were the curative therapy for HCC patients who have recurrence risk factors such as large tumor size (>5 cm), MIV, and multiple tumor nodules. It is also well known that patient malnutrition is of special concern for HCC patients because of the concomitant underlying cirrhosis and fibrosis. 26 Additionally, LR could result in many changes after surgery in the neuroendocrine, metabolic, and immune systems, which would blemish immunological functions and result in increasing risk of complications in HCC patients after PATACE. In theory, factors such as malnutrition, immunological status, and cirrhosis may be the predictive factors for HCC patients after PATACE.
Growing number of evidences have shown that the host inflammatory response is related to the HCC incidence and metastasis closely, so that it enables to predict the HCC patient clinical outcomes. Furthermore, HCC patients who received adjuvant TACE are more likely to experience high risk of recurrence and postoperative changes in immune systems. Recent studies have shown that APRI was proved to be a useful and noninvasive method to evaluate the liver fibrosis for chronic hepatitis B or C patients.
27-29 Also, we found that APRI was a valuable prognostic factor in small HCC patients undergoing radiofrequency ablation therapy and LR. 23, 28 There are many prognostic markers predicting patient postoperative prognoses; however, they are still deficient in patients undergoing PATACE. The potential reason possibly was some features which impacted the clinical outcome of TACE patients, including liver function, tumor characteristics, or HCC treatments. In this study, we enrolled HCC patients undergoing PATACE as second-line therapy to avoid potential confounders from other treatments. In order to identify the cutoff value of the APRI optimally, we applied the X-tile software which was based on the time-dependent We further compared the prognosis between these two groups by using subgroup analysis. As shown in Table 4 , the DFS rates were higher in the group of APRI <0.50 than ≥0.50 throughout all subgroups. In addition, we evaluated the interaction between APRI score and all subgroups, showing that no interaction can be found (P>0.05, Table 4 ).
Construction and validation of the nomogram
Subsequently, the nomogram was built by using β-coefficients to determine the proportional prognostic effect of the five independent risk factors to assess their association with DFS in the multivariate analysis. Every enrolled HCC patient obtained one individualized grade, which was the sum of the points from these five prognostic variables. Figure 2 showed the projections from total points on the scales and Figure S3 
68
Zhu et al method. Our study of the APRI cutoff value (0.50) was a little different from that of previous studies. Shen et al 23 and Tang et al 30 yielded a cutoff value of 0.40 and 0.62, derived from the receiver operating characteristic curves, for patients after TACE or liver surgery. 15, 23, 30 The different geographical factors and different HCC etiologies may contribute to this small difference. Notably, HCC patients with various background of HBV or HCV participated in this study and in the previous study.
In our study, larger tumor size, higher ALT levels, more WBC counts, higher BCLC grade, positive status of HBsAg were associated with poor survival and shorter TTR after PATACE, our findings were consistent with results from other previous studies. 16, 19, 28, 31 As we all know, tumor and clinical characteristics, such as tumor size/numbers, BCLC grades, MVI, or ALT serum levels have been proved to be related to HCC patient survival and recurrence. Whereas non-tumor parameters such as the condition of inflammatory response, status of viral infection, and the degree of liver fibrosis play a vital role in affecting HCC recurrence. Correspondingly, WBC counts, APRI, and positive status of HBsAg were all independent factors for DFS and TTR in HCC patients after PATACE. The potential mechanism of the nomogram based on APRI scores accurately predicting patient prognosis can be explained as follows: Firstly, AST reveals the degree of liver cirrhosis, and it could also reveal the degree of hepatocytes' injuries, which are mainly contributing factors to liver carcinogenesis. 7, 14 In contrast, the PLT count reveals the number of circulating PLTs, reflecting the degree of liver function. 16 Secondly, WBC counts, ALT levels, and status of HBsAg reflect great majority of nontumor factors, including the condition of inflammatory response, status of viral infection, and the degree of liver fibrosis, rather than some specific aspect of nontumor parameters. Therefore, taken together, nomogram based on APRI could evaluate reserve liver function and liver fibrosis. Additionally, the user-friendly nomogram derived from pretreatment clinical variables to assess prognosis for individual patients with HCC before initiation of treatment may improve patient-physician communication, decision-making, and selection of patients for prospective clinical trials.
However, there are still some considerations constructing a nomogram. If the primary outcome is DFS, both the number of survival and death should be >10 times the number of variables to reduce the expected error in the predicted probabilities of less than 10%. 25 Furthermore, data splitting and resampling with bootstrapping are two possible validation methods. Data splitting is used commonly, but the disadvantage is a reduction in accuracy due to inadequate validation of the final model. We used resampling with bootstrapping to receive unbiased model performance estimates without sacrificing any sample sizes. In our study, 168 patients died, which was 34 times overpass the number of variables applied in this nomogram. We also applied a resampling method with internal validation by 500 times bootstrapped our entire populations to calibrate Abbreviations: alT, alanine aminotransferase; aPRi, aspartate aminotransferase-to-platelet ratio index; asT, aspartate aminotransferase; BClC, Barcelona Clinic liver Cancer; CTP, Child Turcotte Pugh; hBV, hepatitis B virus; hBsag, hepatitis B surface antigen; hCV, hepatitis C virus; inR, international normalized ratio; WBC, white blood cell.
this new nomogram, with a good concordance indices of 0.729 and 0.730. Certainly, the present study still has some limitations. Firstly, our study was a single-center retrospective study where HBV infection was the major cause of HCC, and a robust nomogram should be validated externally in different patient cohorts. Secondly, all patients in our cohort were treated at one tertiary medical center; therefore, referral bias may not be avoided completely. The application of our results to other centers needs prospective studies to validate its prognostic accuracy. Besides, the control group may be necessary to further lend strength to our proposal and hypothesis. Finally, since the value of APRI is dynamic during the follow-up period, we only use the APRI baseline value to predict the clinical outcomes in the future. Hence, the amount of patient information may be missing during our follow-up period.
Conclusion
Our user-friendly nomogram with APRI may offer prognostic assessment of 3-and 5-year DFS and TTR for individual patients with HCC after PATACE. Further study will need to validate our results in a much larger, multi-centered HCC patient cohort before definitive conclusions can be made.
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aPRi to predict hCC prognosis Figure S2 X-tile plots of the optimal cutoff point for the aPRi. Notes: Coloration of the plot represents the strength of the association at each division, ranging from low (dark, black) to high (bright, red or green). green indicates a direct association between score and survival, whereas black indicates an inverse association. Abbreviation: aPRi, aspartate aminotransferase-to-platelet ratio index.
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